In the recent past, there has been an upward trend in developing frameworks that enable 6 neuroimaging researchers to address challenging questions by leveraging data across multiple 7 sites all over the world. One such framework, Collaborative Informatics and Neuroimaging 8 Suite Toolkit for Anonymous Computation (COINSTAC), provides a platform to analyze neu-9 roimaging data stored locally across multiple organizations without the need for pooling the 10 data at any point during the analysis. In this paper, we perform a decentralized voxel-based 11 morphometry analysis of structural magnetic resonance imaging data across two different sites 12 to understand the structural changes in the brain as linked to age, body mass index and smoking.
The vector of regression parameters/weights w is found by minimizing the sum of the squared 73 error given in equation 3
The regression objective function is a linearly separable function, that can be written as sum 75 of a local objective function calculated at each local site as follows:
A central aggregator (AGG) computes the global minimizerŵ of F (w). For a standard regression problem of the form given in equation 2, the analytical solution is given
it's easy to see thatŵ can be written as
The above variant of the analytical solution to a regression model shows that even if the data 84 resides in different locations, fitting a global model in the presence of site covariates delivers results 85 that are exactly similar to the pooled case.
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Algorithm 1 Decentralized Regression with Normal Equation
Require: Data D j at site j for sites j = 1, 2, . . . , S, where |D j | = s j ∀j 1: for j = 1 to S do 2:
Compute Cov(X j ) = x j x j 3:
Compute x j y j 4:
Node j sends Cov(X j ) and x j y j to AGG. 
